Introduction
============

Central serous chorioretinopathy (CSCR) is a retinal disorder known to cause visual impairment, and is characterized by serous detachment of neurosensory retina.[@b1-tcrm-13-945],[@b2-tcrm-13-945] It typically affects middle-aged men. Although several risk factors have been identified in the pathogenesis of CSCR, the exact pathophysiological mechanism remains unclear.[@b3-tcrm-13-945]--[@b6-tcrm-13-945] Current advances in retinal imaging modalities, particularly in indocyanine green angiography, improve our understanding of CSCR pathophysiology with interest in focusing on hemodynamics at choroidal level. CSCR primarily involves choroidal circulation, resulting in multiple areas of vascular choroidal hyperpermeability.[@b1-tcrm-13-945],[@b7-tcrm-13-945],[@b8-tcrm-13-945] There are further abnormalities in choroidal perfusion or vascular endothelial growth factor (VEGF).[@b9-tcrm-13-945] VEGF was formerly known as "vascular hyperpermeability factor", and it is also known that IL-6 and IL-8 have profound effects of vascular hyperpermeability.[@b10-tcrm-13-945]--[@b12-tcrm-13-945] Thus, it has been thought that angiogenic cytokines such as VEGF, IL-6, and IL-8 as well as other proinflammatory cytokines might be increased in patients with CSCR. This idea has become the focus of interest and many studies have been performed on cytokines and oxidative stress.[@b1-tcrm-13-945],[@b13-tcrm-13-945]--[@b18-tcrm-13-945] However, results are controversial. Oxidative stress and resultant hypoxia may cause an increase in epinephrine levels, leading to choroidal vasoconstriction and disturbances in choroidal circulation, which are well-described in CSCR.[@b16-tcrm-13-945]

Pathophysiology of CSCR has not been fully elucidated. However, there are some well-known risk factors including male gender, cortisol levels, pregnancy, hypertension, stress, smoking, abnormal coagulation, platelet aggregation, sleep apnea syndrome, and type A personality trait. In a study by Iijima et al, it was indicated that choroidal circulation abnormality observed in CSCR was comparable to the angiographic abnormality seen in the retinal circulation of branch retinal vein occlusion.[@b17-tcrm-13-945] Sogutlu Sari et al proposed the hypothesis that choroidal hyperpermeability develops because of thrombotic occlusion in choroidal vessels and impaired fibrinolysis.[@b18-tcrm-13-945] The role of inflammation has not been elucidated in the etiopathogenesis of CSCR; however, it is still the focus of interest in this field. In the literature, CSCR has been suggested as a systemic inflammatory disease.

In recent years, the reports have concluded that neutrophil/lymphocyte ratio (NLR) and mean platelet volume (MPV) are indicators for systemic inflammation.[@b19-tcrm-13-945]--[@b23-tcrm-13-945] Mean thrombocyte size is reported as MPV in complete blood count (CBC). MPV is directly associated with platelet activity. Larger platelets are more active than smaller platelets in metabolic and enzymatic manner and also have higher potential of thrombogenicity.[@b24-tcrm-13-945]--[@b26-tcrm-13-945] NLR can be readily estimated from CBC. In addition, it has been reported that these parameters may have prognostic implications in some diseases.[@b27-tcrm-13-945],[@b28-tcrm-13-945]

To the best of our knowledge, in the literature, the only study assessing MPV in patients with CSCR was conducted by Dursun et al.[@b29-tcrm-13-945] However, there is no study assessing MPV and NLR in patients with CSCR in the literature. In this study, it was aimed to evaluate MPV and NLR values and their relationship with clinical findings in patients with CSCR.

Materials and methods
=====================

Patients
--------

The study protocol was approved by the local Ethics Committee of Antalya Education and Research Hospital and conducted in accordance with the Declaration of Helsinki. Prior to initiation, all subjects signed a detailed written consent form to confirm their understanding of the study procedures. The study was conducted between March 2016 and June 2016.

We retrospectively screened medical records of patients who had been followed with a diagnosis of CSCR in the Ophthalmology Department of Antalya Education and Research Hospital. Overall, 87 patients fulfilling inclusion criteria and 320 age- and sex-matched healthy individuals as controls were included in the study. Inclusion criteria were as follows: No known comorbid disease.No smoking or alcohol consumption.No use of steroid and/or immunosuppressive medication at the time of laboratory evaluations.No clinical findings of infection at the time of laboratory evaluations.Volunteering to participate.

Patients were excluded if there was no clear data regarding inclusion criteria. Patients with incomplete data were also excluded. The CSCR patients fulfilling inclusion criteria (n=87) were classified into 2 groups as acute CSCR (group 1) and chronic CSCR (group 2). Patients presenting with visual acuity loss and visual symptoms, such as micropsia, meta-morphopsia, chromatopsia, and central scotomata within 3 months together with neurosensorial retinal detachment on fundoscopy and angiographic focal leakage (ink-plot and smoke stack leakage patterns) were defined as acute CSCR. Patients with visual symptoms for \>3 months or recurrent symptoms together with focal, diffuse, or mottled leakage during angiography were defined as having chronic CSCR. In all patients, demographic data, disease characteristics, and laboratory results were extracted from patient files. In all patients and controls, CBC, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), MPV, and NLR values were recorded onto a data sheet. CBC was studied by CellDyn 3700 hematology analyzer using a laser and impedance method, whereas CRP was measured by ARCHITECT Ci4100 analyzer using immunoturbidimetric method. ESR was measured by using automated Biomedical Systems in accordance to Westergreen method.[@b44-tcrm-13-945]

Statistical analysis
====================

Descriptive statistics are presented as frequency, percent, mean, SD, and median, minimum--maximum (min--max). Fisher's exact test and Pearson chi-square test were used to assess the relationship between categorical variables. The normality was tested by using Shapiro--Wilks test in groups with sample size of \<50, whereas it was tested by using Kolmogorov--Smirnov test in groups with sample size of \>50. In the analyses of difference between measurements in 2 groups, Student's *t*-test was used in variables with normal distribution, whereas Mann--Whitney *U*-test was used in variables with skewed data. Kruskal--Wallis test was used in nonparametric comparisons among 3 groups with post hoc Bonferroni--Dunn procedure in variables found to be significant. In the case of normal distribution, analysis of variance test was used for comparisons among 3 groups, whereas Bonferroni test was used for comparisons between 2 groups. Spearman's correlation analysis was used to assess correlations among continuous variables with skewed distribution, whereas Pearson's correlation test was used to assess correlations between continuous variables with normal distribution. Independent variables effective in the discrimination between CSCR and control groups, as well as chronic and acute CSCR groups, were tested by using logistic regression analysis. Results are presented by Wald statistics, odds ratio, and 95% CI. For analyzing differences between two groups, independent samples *t*-test was used for data with normal distribution, whereas Mann--Whitney test was used for data with skewed distribution. Receiver operating characteristic analysis was performed to determine discriminative value of intergroup difference for some variables. A *P*-value \<0.05 was considered to be statistically significant. All analyses were performed by using SPSS version 22.0.

Results
=======

Mean age was 47.33±10.72 years in group 1 (32 men and 11 women), 48.86±11.41 years in group 2 (31 men and 13 women), and 48.86±10.89 years in the control group (250 men, 70 women, group 3) (*P*=0.804). [Tables 1](#t1-tcrm-13-945){ref-type="table"} and [2](#t2-tcrm-13-945){ref-type="table"} present baseline characteristics and parameters evaluated in the CSCR group and in all study groups, respectively.

MPV, CRP, ESR, and NLR values were compared among acute CSCR, chronic CSCR, and control groups. On the basis of comparison among 3 groups, significant difference was detected in at least one group for MPV, CRP, and NLR measurements. Post hoc tests were performed to find the origin of difference. It was found that NLR (*P*\<0.05) and CRP (*P*\<0.05) values were found to be higher in the acute CSCR group than in the other groups. MPV value was found to be higher in the chronic CSCR group than in the other groups (*P*\<0.001).

After combining acute CSCR and chronic CSCR groups to create CSCR group, logistic regression analysis was performed to identify independent risk factors effective in discrimination between CSCR and control groups. The only independent risk factor effective in disease prediction was MPV in the model involving MPV, CRP, and NLR (*P*\<0.05, [Table 3](#t3-tcrm-13-945){ref-type="table"}).

In addition, logistic regression analysis was performed to identify independent risk factors effective in discrimination between acute and chronic CSCR. All variables were found to be independent risk factors effective in identifying chronic CSCR in the model involving MPV, CRP, and NLR (*P*\<0.05, [Table 3](#t3-tcrm-13-945){ref-type="table"}).

According to receiver operator characteristics curve analysis, optimal MPV cut-off value for discrimination of acute CSCR from chronic CSCR was \>8.95 with sensitivity of 70.5% and specificity of 72.1% (area under curve \[AUC\]: 0.744). Optimal NLR cut-off value for discrimination of chronic CSCR from acute CSCR was \>1.93 with sensitivity of 75.0% and specificity of 74.4% (AUC: 0.799, [Table 4](#t4-tcrm-13-945){ref-type="table"}).

Discussion
==========

This study is the only study evaluating both MPV and NLR together in patients with CSCR. Dursun et al assessed MPV in patients with CSCR.[@b29-tcrm-13-945] Similarly, MPV value was found to be higher in CSCR patients than controls. In that study, CSCR patients were not stratified as acute or chronic. Thus, the study by Dursun et al did not provide information as to whether MPV differs between acute and chronic CSCR. In our study, MPV was found to be higher in patients with chronic CSCR when compared with patients with acute CSCR and controls, whereas NLR was found to be higher in patients with acute CSCR when compared with patients with chronic CSCR and controls.

In recent years, NLR has been widely used to detect inflammation in cardiovascular disease, malignancies, diabetes mellitus, hypertension, and various inflammatory diseases.[@b30-tcrm-13-945]--[@b32-tcrm-13-945] NLR is considered as a cost-effective, highly valid marker for systemic inflammation.[@b31-tcrm-13-945]

In several studies, it was suggested that NLR is associated with endothelial dysfunction in addition to inflammation. CSCR has long been considered as a vasospastic disorder.[@b33-tcrm-13-945] Despite advances in imaging modalities, the pathogenesis of CSCR has not been fully elucidated yet. However, the currently accepted theory for pathogenesis is increased choroidal vascular permeability.[@b33-tcrm-13-945] In a study aiming to assess choroidal circulation, it was observed that there were dilated capillaries and dilated draining venules in one or more choroidal lobules following delayed, localized arterial filling.[@b8-tcrm-13-945] These findings can explain choroidal hyperpermeability in the injured retinal pigment epithelium (RPE) area. These observations can be due to localized lobular inflammation. Moreover, alterations in choroidal circulation, regardless of cause, may cause choroidal ischemia. In one study, endothelin-1 levels were found to be higher in CSCR patients than controls.[@b34-tcrm-13-945] Although the pathogenesis of CSCR has not been clearly understood, all these findings indicate a choroidal endothelial dysfunction in CSCR. In our previous study, assessing nailfold videocapillaroscopy findings in patients with CSCR, it was found that pathological patterns, suggestive for microangiopathy, were increased in CSCR patients.[@b35-tcrm-13-945] In this study, elevated NLR in patients with acute CSCR could be a marker of endothelial dysfunction. However, further studies with larger sample size are needed to elucidate this issue.

In our study, no significant difference was detected in NLR between chronic CSCR and control groups, whereas NLR was found to be higher in patients with acute CSCR when compared with chronic CSCR and control groups. As mentioned above, the findings observed by Prunte and Flammer could be due to localized lobular inflammation.[@b8-tcrm-13-945] Similarly, abnormality in neutrophil chemotaxis may be present in acute CSCR. In the logistic regression analysis of risk factors to identify acute and chronic disease, NLR was found to be significant (*P*=0.017; OR: 0.295; 95% CI: 0.108--0.806).

However, there is no data about this issue in the literature; thus, it is impossible to make a comparison. On the basis of our findings, it seems that neutrophils are key cells involved in acute CSCR. We think that NLR can be used as a marker of disease activation in patients with CSCR. However, further studies with larger sample size are needed to elucidate this issue. Similarly, CRP was higher in patients with acute CSCR compared to those with chronic CSCR, although CRP levels obtained were within normal range. In the logistic regression analysis of independent risk factors to identify chronic disease, CRP was found to be significant (*P*=0.010; OR: 0.326; 95% CI: 0.139--0.767). Currently, there is not sufficient data on the role of inflammation in the pathogenesis of CSCR, or defining CSCR as a systemic disease. This issue remains unclear as yet. Given our findings, we think that using more sensitive inflammatory markers will be helpful to clarify this issue. The elevated NLR and CRP could be indicators for the presence of subclinical inflammation in acute CSCR. Cortisol is the best known risk factor among those indicated in the pathogenesis of CSCR.[@b36-tcrm-13-945] It is well-known that cortisol has lymphopenic effect. Thus, elevated NLR in acute CSCR may be due to 2 causes including the role of neutrophils in the pathogenesis of acute CSCR and steroid-related lymphopenia.

It is well-known that inflammation stimulates platelets which are known to have a pivotal role in hemostasis. However in recent years, it was shown that platelets can behave as inflammatory cells as they can undergo chemotaxis and release various chemokines and cytokines. MPV, which is an indicator of platelet activation, is a simple tool that can be readily measured by hematology analyzers. It has been shown that increased platelet size caused by platelet activation is associated with several inflammatory diseases.[@b19-tcrm-13-945],[@b20-tcrm-13-945],[@b22-tcrm-13-945],[@b23-tcrm-13-945],[@b26-tcrm-13-945] In our study, MPV was found to be higher in patients with chronic CSCR when compared with those with acute CSCR and controls.

There was no significant difference between acute CSCR and control groups. In the logistic regression analysis of independent risk factors to identify chronic disease, MPV was found to be significant (*P*=0.013; OR: 1.999; 95% CI: 1.160--3.445).

Platelets play a pivotal role in the pathogenesis of thrombosis; thus, indirect information can be gathered by laboratory tests analyzing platelet function. Evaluation of MPV value is a way to quantify platelet dysfunction. MPV value measures platelet size and activity. In previous studies, it has been reported that there are correlations between increased MPV value and several thrombotic diseases including deep vein thrombosis, acute myocardial infarction, or cerebrovascular events.[@b37-tcrm-13-945],[@b38-tcrm-13-945] These clinical consequences related to high MPV value were explained by the fact that larger platelets are more reactive and tend to aggregate, resulting in endothelial dysfunction.[@b37-tcrm-13-945]--[@b41-tcrm-13-945] In addition, larger platelets have the capability to store and release higher amounts of β-thrombogobulin and thromboxane A2.[@b41-tcrm-13-945],[@b42-tcrm-13-945] There are several hypotheses attempting to explain CSCR pathogenesis. This is due to the challenge in understanding the etiology of the disease and interest of researchers on this topic. It is known that choroidal permeability is increased in CSCR. One of the hypotheses attempting to explain choroidal hyperpermeability was proposed by Ciardella et al.[@b43-tcrm-13-945] Ciardella suggested that prolonged circulatory disruption in choriocapillaris microcirculation causes fluid leakage under the retinal pigment epithelium. Similarly, it is thought that glucocorticoids involved in the pathogenesis of CSCR can cause choroidal hypoperfusion by enhancing blood clotting.[@b5-tcrm-13-945] However, all CSCR patients develop chronic disease. Persistence of circulatory abnormalities plays an important role in the progression of chronic CSCR. Higher MPV value in the chronic CSCR group than in the acute CSCR and control groups may be an indicator for the persistence of circulatory abnormality related to microthrombosis. MPV measurement is considered as a cost-effective, routine laboratory evaluation for the demonstration of endothelial dysfunction.

This is the first study in this field. However, there are some limitations of our study. First, sample size should be larger. In addition, by a prospective design, MPV and NLR values at diagnosis and after resolution could be compared in patients with acute CSCR. Due to its retrospective nature, we used ESR and CRP as acute phase reactants. Larger, prospective studies using more sensitive markers of inflammation (hs-CRP) will be more reliable to elucidate this topic.

Conclusion
==========

It was found that NLR was higher in patients with acute CSCR when compared with chronic CSCR and control groups, whereas MPV was higher in patients with chronic CSCR when compared with acute CSCR and controls. It seems that neutrophils play a major role in acute CSCR, whereas platelets are involved in progression to chronic CSCR. Larger, prospective studies are needed on this topic.
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###### 

Baseline characteristics in CSCR groups

  ---------------------------------------------------------------------------------------------------------------------
  Baseline characteristics             Group 1\       Group 2\       *P*-value
                                       (n=43)         (n=44)         
  ------------------------------------ -------------- -------------- --------------------------------------------------
  BMI (kg/m^2^)                        25.94±3.09     26.95±3.87     0.181[a](#tfn1-tcrm-13-945){ref-type="table-fn"}

  Length of education (years)          8 (5--16)      8 (5--16)      0.773[b](#tfn2-tcrm-13-945){ref-type="table-fn"}

  Disease duration (months)                           18 (5--72)     

  Choroidal thickness (µm)             397.8±119.34   394.95±94.52   0.908[a](#tfn1-tcrm-13-945){ref-type="table-fn"}

  Marital status                                                     

   Married, n (%)                      34 (79.1)      38 (86.4)      0.368[c](#tfn3-tcrm-13-945){ref-type="table-fn"}

   Single, n (%)                       9 (20.9)       6 (13.6)       

  Presence of work stress, n (%)       23 (53.5)      21 (47.7)      0.591[c](#tfn3-tcrm-13-945){ref-type="table-fn"}

  Presence of familial stress, n (%)   16 (37.2)      18 (40.9)      0.724[c](#tfn3-tcrm-13-945){ref-type="table-fn"}
  ---------------------------------------------------------------------------------------------------------------------

**Notes:**

Independent samples *t*-test with mean ± SD.

Mann--Whitney *U*-test with median (min--max).

Pearson chi-square test with n (%). Group 1: Acute CSCR; Group 2: Chronic CSCR.

**Abbreviations:** BMI, body mass index; CSCR, central serous chorioretinopathy.

###### 

Baseline characteristics and parameters evaluated in all study groups

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                Group 1\                                                       Group 2\                                                     Group 3\                                                        *P*-value
                (n=43)                                                         (n=44)                                                       (n=320)                                                         
  ------------- -------------------------------------------------------------- ------------------------------------------------------------ --------------------------------------------------------------- -----------------------------------------------------
  Age (years)   47.33±10.72                                                    48.86±11.41                                                  48.21±10.89                                                     0.804[‡](#tfn5-tcrm-13-945){ref-type="table-fn"}

  Male, n (%)   32 (74.4)                                                      31 (70.5)                                                    250 (78.1)                                                      0.485[\*](#tfn6-tcrm-13-945){ref-type="table-fn"}

  MPV (f/L)     8.58±0.91[a](#tfn8-tcrm-13-945){ref-type="table-fn"}           9.53±1.17[b](#tfn8-tcrm-13-945){ref-type="table-fn"}         8.56±0.92[a](#tfn8-tcrm-13-945){ref-type="table-fn"}            \<0.001[‡](#tfn5-tcrm-13-945){ref-type="table-fn"}

  CRP (mg/L)    4 (3--5.7)[a](#tfn8-tcrm-13-945){ref-type="table-fn"}          3.5 (2--5)[b](#tfn8-tcrm-13-945){ref-type="table-fn"}        3.8 (2--5.7)[a](#tfn8-tcrm-13-945){ref-type="table-fn"}         0.001[\#](#tfn7-tcrm-13-945){ref-type="table-fn"}

  ESR (mm/h)    10.93±4.21                                                     10.41±4.51                                                   10.83±4.38                                                      0.817[‡](#tfn5-tcrm-13-945){ref-type="table-fn"}

  NLR           2.32 (1.13--6.27)[a](#tfn8-tcrm-13-945){ref-type="table-fn"}   1.6 (0.57--3.5)[b](#tfn8-tcrm-13-945){ref-type="table-fn"}   1.72 (0.78--11.25)[b](#tfn8-tcrm-13-945){ref-type="table-fn"}   \<0.001[\#](#tfn7-tcrm-13-945){ref-type="table-fn"}
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

Analysis of variance with mean ± SD.

Pearson chi-square test with n (%).

Kruskal--Wallis with median (min--max).

Indicate inter-group differences. Group 1: Acute CSCR; Group 2: Chronic CSCR; Group 3: Control.

**Abbreviations:** CRP, C-reactive protein (normal range: 0--5 mg/L); CSCR, central serous chorioretinopathy; ESR, erythrocyte sedimentation rate (normal range: 0--20 mm/h); MPV, mean platelet volume (normal range: 7.4--40.4 f/L); NLR, neutrophil/lymphocyte ratio.

###### 

Logistic regression analysis of independent risk factors for identification of chronic disease

  Variables   CSCR Group 3   Group 2 Group 1                                                           
  ----------- -------------- ----------------- ------- ------- ------- ------- ------- ------- ------- -------
  MPV         16.602         \<0.001           1.657   1.300   2.112   6.221   0.013   1.999   1.160   3.445
  CRP         0.152          0.696             1.069   0.763   1.498   6.600   0.010   0.326   0.139   0.767
  NLR         1.880          0.170             1.148   0.942   1.399   5.67    0.017   0.295   0.108   0.806

**Notes:** Group 1: Acute CSCR; Group 2: Chronic CSCR; Group 3: Control.

**Abbreviations:** CRP, C-reactive protein; CSCR, central serous chorioretinopathy; MPV, mean platelet volume; NLR, neutrophil/lymphocyte ratio; OR, odds ratio.

###### 

Results of ROC analyses of NLR and MPV in acute and chronic CSCR groups

        Groups 1 and 2                  
  ----- ---------------- ------ ------- -------
  MPV   0.744            8.95   0.705   0.721
  NLR   0.799            1.93   0.750   0.744

**Notes:** Group 1: Acute CSCR; Group 2: Chronic CSCR.

**Abbreviations:** AUC, area under curve; CSCR, central serous chorioretinopathy; MPV, mean platelet volume; NLR, neutrophil/lymphocyte ratio; ROC, receiver operating characteristic.
